Abstract-The pulse jitter of THz synchrotron radiation has been derived from the analysis of broadband cross-correlation measurements performed at the synchrotron Metrology Light Source. The pulse jitter is extracted by comparing equivalent autocorrelation measurements recorded with identical beam optics. A pulse jitter of 1.1 ps has been found.
I. INTRODUCTION
HE objective of this study is to determine the timing jitter of THz synchrotron radiation [1] . The jitter at the beamline is a composition of several instabilities related to the electron beam and the beam optics. By comparing pulses through correlation techniques it is possible to determine the jitter without the need for direct pulse timing measurements [2] .
II. SETUP & RESULTS
Cross-correlation and autocorrelation measurements have been performed at the THz beamline of the Metrology Light Source (MLS). Providing broadband THz pulses by the emission of coherent synchrotron radiation (CSR) with a typical repetition rate of 500 MHz and pulse durations in the 1 to 15 ps range the MLS offers great opportunities for beam diagnostics. Aiming for the investigation of the timing jitter of the THz pulses a dedicated experimental setup comprising a Martin-Puplett interferometer (MPI) and a Fourier transform infrared spectrometer (FTIR) has been established [3, 4] . The MPI generates a correlation signal depending on the optical delay between the THz pulses. The optical path difference of the MPI was set by a delay line with a step size of 133 fs. After passing the MPI the correlation signals were spectroscopically analyzed by a FTIR. Fig. 1 shows the frequency resolved cross-correlation between THz pulses emitted from two subsequent electron bunches. The vertical axis shows the single frequency correlations versus the optical delay. An appropriate emission spectrum of the beamline ranging from 0.1 THz to 1.1 THz is shown on the left. Dips in the signal at 0.55 THz and 0.75 THz are induced by water vapor absorption. The bunch current was about 1.8 mA. Despite the broad coherent emission spectrum emitted by a single electron bunch, frequencies above 0.3 THz were suppressed in the cross-correlation signal. This is due to the pulse jitter that acts as a low-pass filter when superimposing two successive THz pulses. The jitter dependent crosscorrelation signal at zero-delay is given by the intensities I1,2( ,t) of the vertical and horizontal polarization components , where t is the jitter of the THz pulses and the pulse width assuming a Gaussian electron distribution in the longitudinal direction of the electron bunch. Fig. 2 displays a simulation of the cross-correlation signal at zero delay for different values of the jitter. The spectral envelope of the cross-correlation signal clearly shows the lowpass behavior depending on the jitter of the single bunches.
A single pulse jitter of approximately 1.1 ps was found by curve fitting of the measured cross-correlation signal to the model. The jitter was found to be constant within a bunch current range from 1.8 mA down to 7.5 μA. 
